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FOREWORD 


InvoMtiKutimis  of  tho  inhalation  toxicity  of  UDMH  described  hcjCln 
were  conducted  by  Maurice  H.  Weeks,  George  C.  Muxey,  Mary  E.  Sicks,  and 
Earle  A.  Greene  of  the  Directorate  of  Medical  Research,  U.  S.  Army  Chemi> 
cal  Research  and  Development  Laboratories,  Army  Chemical  Center,  Maryland. 
They  were  iH'rformed  under  Air  Force  Project  No.  7165,  "Health  Hazards  of 
Materials  and  Radiation, "  Task  No.  71836,  ‘‘Evaluation  and  Control  of  Toxic 
Chemical  Materials."  The  contract  monitor  was  Or.  Kenneth  C.  Back,  Toxic 
Hnxards  Si'ctlon,  Physioloto'  Branch,  Biomedical  Lalx>rat<iry  of  the  Aerospace 
Medical  Laiboratory.  The  cxperimenis  were  started  on  April  1960  and  com* 
plcted  on  May  1061.  The  publication  of  this  report  d(K*s  not  constitute  approval 
by  the  Air  Force  of  the  flndincs  or  conclusions  contained  herein. 
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AnSTHACT 


A  study  was  luauc*  «)f  Hit*  iiihulatiun  toxicity  of  UDMK  in  animals 
from  sinttlo  short  exposures.  Five-  to  sixty *niinutc  ex|M)Sure  of  do^s  and 
rats  ti»  hijth  concent  rat  Ions  of  UDMH  produce  toxic  si((ns  similar  to  those 
seen  at  lont'er  inhalation  exposures.  No  clinical  aluiormalitios  resulted 
frtnn  these  single  shot-* -term  exposutes. 

Dot'S  e.xpused  to  S0>  20U,  and  COO  ppm  of  UDMH  for  sinKle  or  multiple 
CO-,  15-,  and  5- minute  periods,  respectively,  showed  no  adversrf  physio- 
lot^ical  effects.  These  levels  of  UDMH  should  serve  as  a  basis  from  which 
shorl-ti  rm  e.tpusure  standards  may  bv  estimated  for  man 
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VAFOR  TOXIC m  OF  UDhM  IH  Ri\T3  ANP  DOGj  FROM  jilORT  EXPOSURE. 


INTRODUCTION 


The  use  of  I, l-dtraechylhydrozine  (UDI-tH)  aa  e  acorable  .Mquld  fuel 
in  advanced  type  alaatlc  systems  has  resulted  In  the  need  for  additional 
information  on  the  health  hazards  from  single,  short  exposures  tu  this 
compound,  it  is  Indicated  that  the  conditions  of  exposure  most  likely 
will  involve  larqe  aonunts  of  agent  in  confined  areas  fo'  short  periods 
of  time. 

The  to.  luology  of  UDHH  shows  it  to  be  primarily  a  central  ..ervoua 
system  stimulant  causing  convulsion  and  death  irrespective  of  tis  route 
of  administration  (3).  Inhalation  of  its  vapors  may  also  cause  respiratory 
and  gastrointcstSoc'  lethargy 

A  hygienic  standard  or  cioxlmal  allowable  concentration  (MAC)  of  0.^ 
pp.j  UBMH  vapor  has  been  recoioaended  for  industrial  atmospheres  (9).  Thi: 
suggested  'lAC  established  u  value  which  should  give  adenuste  protection 
during  a  normal  elglit'hour  workday,  five  days  a  week,  for  Che  life  of  the 
worker.  However,  brief  exposures  to  much  higher  concenCretlons  may  occur 
In  emergency  situations,  and  our  knowledge  of  UDHH  poisoning  is  insufficient 
to  predict  adequately  the  levels  of  human  tolerance  from  such  exposure.  The 
effects  resulting  from  a  few  accidental  exposures  have  been  reported  in  the 
literature,  but  circumstances  in  such  situations  do  not  contribute  to  es< 
tablishlng  well  defined  values  for  exposure  times  or  for  concentration 
levels  (o). 

The  purpose  of  our  study  vas  to  obtain  data  on  the  inhalation  toxicity 
of  UDMK  in  anioalc  from  single,  short  exposures.  Results  from  these  con* 
trolled  experiments  will  help  to  establish  more  realistic  short-term  ex¬ 
posure  standards  for  Ud:1H  and  provide  information  on  toxicology  and  public 
health. 

The  present  paper  reports  the  effects  of  both  single  exposure  of  rats 
and  dogs  and  of  repeated  exposure  of  dogs  to  UDHH  vapor.  The  experiments 
with  tats  were  designed  to  determine  the  range  of  concentrations  producing 
severe  toxic  effects  from  single  3-,  15",  3C'- ,  and  oO-minute  ex?o.sure 
periods.  The  objective  of  the  experiments  with  dogs  was  to  find  the  concen¬ 
tration  of  UDHH  causii.^.  minimal  or  no  toxic  signs  at  short  exposure  periods. 


METHODS 


A.  Experimental  Procedures 

Exposures  were  carried  out  in  a  37c- liter  dynamic  flow  gassing 
ch.'.-ber  operated  at  an  airflow  of  200  liters  per  rainut-.  UT'Ijl<  was  dispersed 


*UDMH, -trade  name  Dimazlne,  was  obtained  from  Hestveco  C:  '  '  "  '  "‘.v... 

Machinery  &  Chemical  Corporation,  New  York,  New  York. 
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Into  the  exposure  chamber  as  a  vapor  by  passing  oil-pumped  nitrogen  through 
a  dispersion  babbler  containing  the  liquid  agent •  The  bubbler  was  oasintalned 
in  a  constant  temperature  bath  at  29*C  in  the  15-»  30*,  and  60-mlnuce  studlea 
and  at  ^0*C  In  the  ^-minute  studies.  Concentrations  of  UDMH  were  determined 
from  measured  air  samples  collected  in  babblers  containing  dilute  HCl  so¬ 
lution  and  analyzed  by  a  KIO.  titration  oMthod  (1). 

B.  Toxicity  Studlea  with  Rata 

young,  mala  rats  (iuc  to  120  9a)  were  exposed  groups  of  10  to 
various  concen  ration  levels  of  UDMH  for  single  5*,  15*,  30*,  end  6o-olnu?a 
periods.  Th  were  observed  for  toxlr  signs  d.-rlng  exposure  and  seven 
days  after  exposure.  All  were  weighed  before  exposure  and  survivors  for 
seven  days  thereafter  and  their  gtowth  rate  compared  with  that  of  the  con¬ 
trols.  Histopathologic  studies  were  conducted  on  groupe  of  rats  sacrificed 

V  •’“;*  one,  -  ..‘vt  .1*10  i-v.-'  i  V.  1.  C  bw  woaawole 

trations  of  UDMH.  Deaths  resulting  from  Inhalations  uf  UDKt  were  recorded 
and  the  LC30  values  for  the  exposure  periods  were  computed  by  the  method  of 
Bliss  as  described  b>  Finney  (?). 

A  separate  group  of  20  msle  unexposed  rets  was  observed  for  food 
and  water  consuaiptlon  and  for  spontaneous  activity  as  measured  by  means  of 
voluntary  rotary  activity  cages.  Ten  rats  from  this  group  were  then  exposed 
to  1000  ppm  of  UDMH  for  60  minutes.  Blood  was  taken  from  the  tall  before 
and  after  exposure  and  hematocrit  and  erythrocyte  counts  were  detenslned. 
Measurements  of  food  and  water  consumption  and  of  activity  were  continued 
for  three  weeks  after  exposure  and  compared  with  the  10  control  animals. 

C.  Toxleltv  studies  with  Dogs 

1 .  single  Exposures 

Mongrel  dogs  In  groups  of  three  were  exposed  Co  various  concen* 
trations  of  UDMH  vapor  for  iin"lc  p- ,  Ip-,  and  60- minute  periods.  A  modi¬ 
fied  Uoo-lltcr  chamber  vas  used  for  these  exposures.  The  dispersion,  chamber 
operation,  and  analysis  of  UDMH  vapor  were  similar  to  that  described  previ- 
0’!-ly. 


Lethal  effects  of  UDMH  at  various  concentration  levels  for  each 
exposure  time  were  determined,  and  the  LC30  valuea  were  estimated.  Toxic 
slgnsj  weight  changes,  and  deaths  were  recorded  during  a  seven-day  obser¬ 
vation  period.  During  these  experiments  extraneous  noises  c""'  r»>vemanta  were 
kept  to  a  minimum  for  three  to  five  hours  after  the  dogs  had  beer,  exposed 
lllscordk.icloglc  studies  were  conducted  on  selected  dogs  from  the  vai*u^-  ■ 
posurer  wi  '.cli  were  sacrificed  Immediately,  7,  I'l,  end  21  days  altei  ex,:CJuro, 

The  response  of  animals  to  concentrations  of  UDMH  approximating 
5C,  25,  -nd  i2.t)  percent  of  the  previously  estimated  LC50  value.s  waa  deter¬ 
mined  1  1  groups  of  dogs  exposed  for  single  5",  15-,  and  60-mlnut«  periods. 
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Flfceen  minuccs  after  each  expoaure  and  at  one  hour  and  two  hours  there¬ 
after,  theae  dogs  were  subjected  to  auditory,  visual,  and  mild  electrical 
stimuli  and  observed  for  toxic  aigna  and  for  behavior. 

In  another  series  of  experiments  the  retention  of  inhaled  UDMH 
was  determined  in  six  anesthetized  dogs*  exposed  by  means  of  an  endo¬ 
tracheal  tube  or  an  oronasal  mask.  Each  animal  was  exposed  to  o  known 
concentraticn  £oi  about  one  hour  end  the  percent  retention  of  the  inhaled 
dose  was  determined.  Respiratory  volumes  and  rates  were  measured  and  EKGs 
were  recorded  during  the  exposures. 

Multiple  Exposures 

Results  obtained  from  acute  exposures  indicated  tiiat  single 
exposures  to  5^.  iCO,  and  60C  ppm  of  UDMll  for  periods  of  oC,  IJ,  and  5 
mirnt-e-;.  . -nc  1 1.  ■ . 

Experiments  to  support  these  estimates  were  conducted  by  exposing  three 
groups  of  four  mixed  breed  dogs  twice  weekly  (Monday  and  Thursday)  for  six 
weeha  to  these  coucentcatlnns  and  exposure  times. 

All  animals  were  observed  for  general  health,  characteristic 
behavioral  signs,  coordination,  and  reflex  reactions  (p)  for  two  months 
prior  to  and  during  exposure.  Base  line  values  were  also  obtained  far  red 
and  white  blood  cell,  reticulocyte  counts,  hematocrit,  nonprotein  nitrogen, 
glucose,  bilirubin,  and  cholinesterase**  levels.  The  clinical  determinations 
and  physical  examinations  were  made  at  weekly  intervals  during  the  active 
stages  of  exposure. 

Two  dogs  from  each  group  were  trained  to  perform  a  conditioned 
avoidance  test  ir.  a  tvauatacic  avoidance  apparatus  (7).  In  this  teat  doga 
were  trained  to  Jump  over  a  barrier  within  five  seconds  after  a  conditioned 
stimulus  (flashing  light  and  pulsating  buzzer)  was  presented.  Electric 
shock,  given  through  a  grid  floor,  five  seconds  after  the  conditioned  stimu¬ 
lus  was  presented,  was  used  to  train  the  animal.  Each  session  on  the  ippa* 
retus  consisted  of  20  jump  trials.  The  dogs  were  considered  trained  when 
they  were  able  to  complete  five  sessions  (ICO  trials)  given  over  a  five-day 
period,  without  error.  During  the  exposure  period  each  trained  dog's  be¬ 
havior,  average  response  time,  and  number  of  mistakes  (jumping  before  signal) 
were  recorded.  These  trials  of  20  jumps  each  were  conducted  on  each  non- 
exposure  day  and  on  each  exposure  day  once  before  and  once  1^  minutes  after 
they  had  been  exposed. 


srhetlc  -  Fentosin,  J.  S.  Buch  &  Son,  Baltimore,  Maryland.  - 

corir-  tns  6a  mg  sodium  pentobarbital,  32  irg  mephenesin  in  a^u>'a..a  c..  ... 
<■  ■  i'.jh  alcohol  and  2Cj^  propylene  glycol.  (The  Iv  dose  was  0.1  rl,'  ; 
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After  six  weeks  of  exposure  the  three  groups  of  dogs  were 
then  exposed  twice  weekly  for  two  weeks  to  double  the  previous  concen¬ 
trations,  i>e<  to  100,  UOO,  and  l^iOO  ppo  of  UDHU  for  60,  1^,  and  J  minutes, 
respectively.  The  previously  described  clinical  determinations,  physical 
examinations,  and  other  observations  ware  continued  during  this  period. 

Results  from  these  exposures  were  coi^ared  with  a  range- 
finding  test  in  which  two  groups  of  two  mongrel  dogs  each,  previously  non- 
exposed,  were  subjected  twice  weekly  (Monday  and  Thursday)  Lu  100  and  1200 
ppm  of  UDMH  for  exposure  periods  of  60  and  5  minutes,  respectively.  Ex¬ 
posures  were  <  scontinued  during  the  second  week  because  of  the  appearance 
of  severe  to  -  signs.  Values  were  obtainr-d  p.loi  to  and  through  at  the 
exposure  period  for  red  and  white  blood  cell  counts,  reticulocyte  counts, 
hematocrit,  and  nonproteln  nitrogen  levels.  All  am-^is  were  examined  to 
determine  their  health  and  behavioral  characteristics  before  and  during  the 

f*V*hrt-*;*  “  *■  u. 
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Comparisor  a"  t  -e  vapor  concentrations  of  UDHH  determined  by  chemical 
analyses  to  clr-  weight  of  agent  used  during  an  exposure  showed  that  &0 
percent  or  bett?r  of  tie  amount  dispersed  into  the  chamber  remained  air¬ 
borne. 

A.  Toxicity  acudies  with  Rats 

Rats  exposed  to  UDMH  showed  signs  of  irritation  during  exposurs 
as  demonstrated  by  face  wasnlng,  sneezing,  closing  of  eyes,  and  restless 
agitation:  The  pelt  appeared  rough  and  unkempt  for  one  to  two  days  after 
exposure,  but  thereafter  looked  normal.  All  deaths  occurred  within  24 
hours  after  exposure,  jurvivlng  animals  shnvad  no  weight  changes  con¬ 
sistently  different  from  the  control  animals. 

The  sequence  of  events  preceding  death  was  a  quiet  period  of  one 
t>.  two  hours  after  exposure  followed  by  a  short  period  of  wild  running 
abo’..t  tlie  cage,  stopping  for  a  few  seconds,  and  then  an  Intermittent  clonic- 
tonic  convulsive  seizure  of  about  ly  to  30  seconds  duration,  several  series 
of  these  seizures  interspersed  with  periods  of  quiet  preceded  death. 

The  5-,  15- ,  jC-,  and  62-alnute  LC50  valuea  for  r’i  rn 

UDMh  witn  ly/zt  confidence  limits  and  slopes  of  the  dose-respor.j.-  cur/ea 
with  whclr  standard  errors  ate  shown  In  Table  1.  The  four-hour  value:, 
determlr':-..:  by  Jacobson  et  al.  (4)  are  included  for  comparlaor.  inekc  - 
suits  ce  shown  graphically  in  figure  1.  Statistical  analysis  of  t'uu  .  i^t-es 
of  the  .S-,  3C-,  and  6o-mlnute  exposure  curves,  as  well  as  the  Jacobson  four- 
hour  s’  ,'e,  showed  chat  they  were  not  significantly  different  at  the  93  per¬ 
cent  confidence  level. 


TABLE  1 


LCSO  VALUES  FOR  RATS  EXPOaBP  TO  UPMH 


Exposure 

Tine 

LC50 

iTTso 

Confidence 

Limits 

slope 

otandacd 

Error  of 
ulope 

rain 

ppm 

ppm 

cUO 

252 

j  10. '<1.0 

8.65 

6.C 

1^11 

1301-1531 

9.70 

2.U 

....  . 

V.' 

15 

u2ic 

6530-5776 

5.50 

1.7 

/■ 

r'3Uc.c- 25560 

25.60 

9.0 

The  LC5Cs  o£  UDNH  for  rncs  versus  exposure  times  were  plotted  or. 
log'log  coordinates  as  shown  In  figure  i.  The  solid  line  drawn  represents 
the  concentration  exposure  time  telatlonshlp  for  a  .single  exposure  above 
which  at  least  5C  percent  mortality  may  be  expected  among  the  exposed 
animals.  In  Table  2  ere  given  the  calculated  re.sponse  levels  of  1,  50,  and 
.5u  percent  death  for  each  of  these  exposures. 

T.'.BLE  2 

DOsE-REuPONjE  levelj  fko.-:  rats 

EXPOiED  TO  UOIIH 

Exposure 

Time 

LCl 

LC50 

lc64 

nilr. 

136 

252 

60 

CI3 

ihU 

X 

50 

263'^ 

4006 

U7()0 

15 

3)1*5 

8230 

12099 

5 

I5v.,h 

24457 

26730 

5 
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DURAVON  OF  EXPO^URF  MIMUTE:S 


CONCENTRATION  UDMH  “PM 


rigur*  <r«  I#V^C'  ot  UD^}1  for  Rati 
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lit  otiiti  «ii(i«rtMRCi  iM  Mtt  found  ^(Min  Mpoiad 

■ltd  «Mtral  rail  In  (Md  and  watar  eanauaptUn/  In  topi  utlllaatlon,  and 
In  tMi|ht  fal.if  Htwtvar,  tha  voluntary  activity  of  onpetad  rata  twa 
ftarkodly  taduead  by  oapeauro  to  VOSdl  and  rasalnad  lover  than  tlia  contreli 
throuahaut  tha  thrcfuack  obaarvatlon  patled> 

MOMataarlt  and  arythrocyta  counta  on  rata  oxpoaad  to  lOCO  pyai 
l/DMM  for  ona  hour  vara  nut  different  fton  pra«aMpoaura  '■nncrol  valuaa. 

llleto  tiholo|la  atudlaa  of  oraaoc  and  tlaauob  froai  tha  caKoaad 
aalwla  ahova,  .0  laaloaa  chat  could  ba  alirlbulubla  to  UPW  polaonlng. 

1.  TMUtty  BMI 

>  .  Mitb.ta  ajioaauraa 

Pofi  aliovtd  faw  coHle  alfnc  durlnf  •vpocra,  aona  llckad  chair 
naaaa  and  11,  a  durtni  tha  >  ana  15*ialnuto  runai  o  faw  voaltad  during  tha 
60«nlnuta  rune.  Altar  Mpoeura  all  anlnala  aaanad  dated,  dapraaaad,  or  In 
a  data  of  chock,  iharp  noiaaa  nada  than  chlvcr  and  cowor.  Intaraictaae 
clonic  and  tonic  convulclva  aalturoa  of  i  to  1)  nlnutaa  duration  vara  aaan 
In  dogi  that  died  and  In  conn  of  tha  aurvlvorc.  lurvlvlog  doga  acanod 
canpiaialy  racovarad  ko  houra  after  oNpacura. 

All  daaiha  oacurrod  within  2l>  houra  aflat  OMpoiata.  iurvlvlng 
aninali  wore  walgitad  during  tha  }ovan«day  obaarvation  period.  Tha  rarzet 
of  aonaant  rat  lone  producing  lethal  offactc  in  doga  ware  aonatdtat  lower  than 
tnoaa  found  with  the  rat.  Vha  IX^a  with  I9/20  confldanaa  Unite  and  tha 
ilopa  with  atandard  orrar  of  tha  doaa*racponae  curvac  'c  calculated  by  the 
•acthod  af  gliit  are  ahaun  in  Table  3*  Hacro*  and  nlatuaaoplc  nxaninAtlan 
of  tiaauaa  and  organa  fron  thaao  doga  iiiowod  no  ahangoa  that  could  bn  at* 
iributabla  to  nnpaaura. 


mjsat  awiB  w  row 

Inpoaura  dtandard 


Tina 

u;»o 

Confldanea 

Llnlta 

dlopt 

rri^r  ot 

nln 

pp» 

PP« 

60 

901 

buZ‘1117 

14.-' 

7.'J 

IJ 

2J27-5>03 

3.5 

2.2 

21:1.0 


207  0 


In  ch«  «xpeti(aenc«  in  i^ilch  anlMla  were  subjected  to  stress 
conditions  and  in  which  concentrations  of  UDW  were  progressively  lowered, 
groups  of  dogs  were  exposed  for  single  and  50*a>inute  periods 

until  nininwl  or  no  toxic  affects  were  seen. 

The  external  stlmili  and  added  stress  seeoied  to  rsegnify  end 
psriteps  hasten  the  developaent  of  toxic  signs  frota  JUHH  poisoning  sc  these 
lower  dose  levels.  Toxic  signs  were  produced  which  were  previously  seen 
only  in  dogs  exposed  to  ouch  higher  concentrecloiis  JDIiH,  but  where  Che 
envlronoe  c  after  expoeurc  was  less  disturbing. 

Thess  studies  showed  that  ninlmal  toxic  responsivs  were 
produced  by  exposuree  to  obouc  IPOO,  1-CO,  end  100  ppm  of  UDKH  from  single 
3',  13'/  end  6C-alnuCe  exposures,  respectively.  The  results  are  shown  in 


TABU  U 

R£JP0NiE  OF  DOCj  UNDER  dTREji  ENVmONMElffS 
AHEa  S-HIWTE  EXPOSURE  TO  UPm  VAPOR 


Exposure 

Ito  of 

Response  After 

Conen 

Anlnals 

Exposure 

ppo 

ICjOC 

- 

1/2  died  overnight, 

2/2  convulsed 

9^ 

2 

1/2  died  efter  9  hr, 

2/2  convulsed 

6900 

2 

2/2  vomited, 

1/2  convulsed 

h230 

2 

1/2  died  efter  3  hr, 

2/2  convulsed,  tremors 

1550 

2 

1/2  slightly  timid,  dull 
1/2  no  c'""'" 

IcK/C 

2 

2/2  no  toxic  li^s 

bCiQ 

3 

3/3  no  coxlc  aigns 

6jo 

2 

2/2  no  toxic  signs 
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RgSPONSE  OP  DOCS  UtOER  STRESS  ENVIRDimENTS 
AFTER  15-MlNOTE  EXPOSURE  TO  UDMH  VAPOR 


Exposure 

Conen 

Ho  of 
Animals 

Response  After 

Exposure 

ppm 

153C 

2 

2/2  tremors,  ve.'.i'-ing,  coo' 
vulslona,  depressed, 
-f-nvered  2h  hr 

9o0 

2 

2/2  depressed,  tremors 

1/2  vomiting,  convulsions. 

610 

2/k  tremors 

2/l>  vouiwlng,  convulsions 
2/k  depressed,  tremors, 
salivating,  recovered 
2h  hr 

!*0C 

i* 

2/k  no  toxic  signs 

1/h  slightly  more  sensl- 
tivc  to  shock 

1/4  apprehensive 

360 

3 

2/3  no  toxic  signs 

1/3  slight  Buscle  fascic- 
ulations 

ReiulCt  froo  studies  deCenslnlng  the  retention  of  inhaled 
ITDMK  in  sIa  anesthetized  dog:  exposed  by  meang  of  an  endocrach'.el  tube  or 
an  o'onaaal  oatk  ar^  given  in  Table  7.  Dog  No.  2  died  within  2k  hours  and 
Dog  No.  ^  vomited  and  went  into  tonic-clonic  convulsive  seizures  after  ex¬ 
posures.  No  other  ta:;lc  signs  could  be  seen  due  to  the  masking  effects  of 
the  anesthesia,  tto  changes  attributable  to  inhalation  of  UDNH  were  seen  in 
the  respiratory  rata,  heart  rate,  or  EKG.  The  data  in  Table  7  shows  that 
at  least  60  percent  of  the  amount  of  UDi-lH  inhaled  is  retained  ii'  the  re¬ 
spirator.'  .ract  of  the  dog. 

;i.  .-tultiple  Exposures 

Croups  of  4  dogs  each  exposed  twice  a  week  for  six  weeks  to 
50,  200,  ’  H  6CO  ppm  of  UOMH  for  CC-,  15-,  and  S-mlnute  periods,  reapectlvaly 

sliw'-e.i  Hi'  significant  changes  in  red  blood  cell,  white  blood  cell,  and  retluu 
loc;'te  cuu-vta  ,  hematocrit,  nonprotein  nitro’cn,  plurosc,  s.ibii.,  i  r  in 
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REiPOMjE  OF  DOGj  U;<D3R  j7REa3  ENVIRON: lElTTi 
60-iii;.'UI£  EXPOiURE 


hxposure 

Conen 

HS  of 
Animals 

Response  After 

Exposure 

ppm 

hOO  to  500 

2/J  convulsed  died 

1/3  trenov-, ,  vomiting, 
recovered  within  2U 
hr 

200  to  250 

O 

J 

1/3  convulsed  and  died 

1/3  slight  tremors  to 

within  3  hr 

1/3  no  toxic  signs 

00  to  120 

It 

3/4  no  toxic  signs 

1/4  slight  Creiaors,  re¬ 
covered  within  1  hr 

96 

5 

5/5  no  toxic  signs 

seruo,  whole  blood  end  red  blood  cell  cholioeeterase  deceralnaclo'.s.  A 
very  greduai  decreaie  In  glucose  values  was  noted  during  the  course  of 
the  e.'tperiaent  although  the  total  decrease  was  not  significantly  below 
pre«exposuce  control  levels. 

No  significant  changes  from  noraality  were  noted  in  the 
conditioned  avoidance  tests.  Neurological  exaoinstlon  during  this  period 
showed  no  change  in  the  patellar,  extensor  thrust,  and  hopping  reflexes. 
Heart  sounds  remained  within  normal  limits  throughout  this  period.  The 
lungs  remained  clear  in  all  dogs,  except  four  which  suffered  from  bronchial 
congestion  which  was  suspeeterUto  be  kennel  cough";  however,  their  con¬ 
dition  responded  to  TuradancirP  therapy.  The  mucous  membranes  ot  all  but 
one  animal  appeared  clinically  to  be  'muddy"  or  pale  at  Irregular  intervale 
during  the  period  of  experimentation.  Hov;ever,  in  view  of  the  results  from 
Che  serological  work  this  observation  may  be  of  que»tlon>7hle  clinical  sig¬ 
nify  -ancc. 


The  only  toxic  signs  seen  in  any  of  the  doge  durJ.-.g  ■ 

va  ’-.s  were  seen  after  the  third  exposure.  On  this  day  two  dogs  In  th-  r.au. 
run  (^0  ppm)  were  inadvertently  exposed  to  100  ppm  of  UD'ilK.  About  Ip  minutes 
aft'-r  exposure  one  dog  vomited  and  one  con/ulsed.  However,  both  appeared 
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TABLE  V 

RETENTION  OF  UDMH  IN  DOCi  POLLOWIMC  INHALATION  OP  THE  VAPOR 


Method  of 
Delivery 

Dog 

No. 

Exposure 

Time 

Av  Minute 
Volume 

Exposure 

Conen 

AMounc 

ReCain.>d 

Per  Cent 
Retention 

min 

1 

mg  UDMH/1 

mg  UL:t71cg 

Endotracheal  tube 

1 

6k 

1.6 

6,ki 

67.3 

71 

Endotracheal  tube 

2 

52 

1.3 

19.60 

1W*.U 

83 

Endotracheal  fbe 

-> 

oC 

l.c 

3.17 

03 

Oronasal  mask 

U 

oC 

0.9 

2.96 

22.7 

79 

Oronaaal  mask 

5 

55 

3.7 

2.90 

IO0.2 

93 

Orouasai  masK 

3 

51 

l.l> 

2.97 

26.2 

91 

nortDjl  the  next  day  at  vnich  tine  no  change  in  Jump  time  or  in  reflex  teats 
was  noted.  These  dogs  showed  no  toxic  signs  throughout  the  remaining  ex¬ 
perimental  period. 

Doubling  the  exposure  concentrations  of  the  three  groups  of 
dogs  fur  two  weeks  had  no  effect  on  Che  responses  of  these  dogs  in  the 
conditioned  avoidance  tests,  and  no  cUunges  were  noted  in  the  neurological 
and  physical  examinations.  The  clinical  and  serological  values  reflectad  no 
significant  changes  resulting  from  these  exposures.  However,  the  appearance 
ot  toxic  Cigna  immediately  increaced  after  the  exposure  concencrationa  had 
been  doubled,  t.ll  dogs  vomited  the  first  week  and  appeared  dazed.  Ionic- 
clonic  convulsive  seizures  were  seen  in  two  dogs  in  the  five-minute  run 
during  the  second  week.  No  deaths  resulted  from  these  exposures. 

In  the  range-finding  study  in  which  two  groups,  each  consisting 
of  two  previously  non- exposed  dogs,  were  exposed  to  l&O  and  1200  ppm  of  I’DMH 
the  exposures  were  discontinued  during  the  second  week  because  of  the  ap¬ 
pearance  of  severe  toxic  signs.  All  dogs  vomited  and  convulsed  and  one  dog 
from  each  group  died.  Both  surviving  dogs  appeared  normal  the  week  following 
cessation  of  exposures.  Clinically  a  slight  drop  in  red  blood  cell  count  and 
hetiwitocrit  was  noted  during  the  first  week  of  exposure  while  during  the  second 
week  the  .surviving  dogs  showed  nonprotein  nitrogen  values  that  were  slightly 
increas'^  hut  which  returned  to  normal  when  expo.sures  vere  (.ucontinuv... 


DliCUiSION 


it  ,w  tlearly  apparent  that  single  brief  exposures  to  high  concent  rat '■ons 
of  UD:f:  produced  toxic  signs  generslly  ()U<tn  slmllBr  to  r.’--'"  sr.’n  longer 
inhalation  exposures  but  lower  concentrations  unu  in  aniuials  pol»onad  ty  other 
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touccs  o£  adolnlsttatlon.  The  similarity  in  the  toxic  effects  at  both 
long-  and  shorc-tem  exposures  suggests  a  coonon  mechanism  of  action  of 
UDW  dependent  upon  Che  dote.  This  is  Curtiier  demonstrated  in  figure  2 
vihere  the  solid  straight  line  connecting  the  LC30s  for  rats  indicates  a 
linearity  wherein  some  coosaon  relationship  exists  for  the  production  of 
lethal  effects  over  the  various  short  exposure  times. 

The  ranges  of  concentration  causing  lethal  effects  in  dogs  from  single 
13*  >  and  60(rinuce  exposures  were  somewhat  lower  ti.dr.  those  obtained 
with  rats,  ''his  reflects  the  known  greater  sensitivity  of  the  dog  over  Che 
rat  to  UDMH  '',10).  The  toxic  signs  in  order  of  appearance  and  severity  ir. 
the  dogs  at  .hose  levels  were  usually  as  follows:  a  dazed  appearance,  vomit¬ 
ing,  tremors,  convulsions,  and  death. 

Oue  to  'he  li'  -'f  ►Se  of  ■jcrion  of  UDIiH 

and  of  some  measurable  change  as  an  index  of  exposure,  tlie  criterion  of  tox¬ 
icity  in  Che  minimal  toxic  response  studies  was  limited  to  the  observation  of 
toxic  signs,  riowe'-cr,  the  observation  of  toxic  signs  produced  ns  a  result  of 
UDMH  expos. rc  was  aided  by  our  finding  that  UDMH  causes  a  hypersensitivity  in 
expesed  dogs  to  sharp  noises  and  quick  unexpected  movements.  These  added 
stresses  or  stimuli  seemed  to  magnify  or  perhaps  hasten  Che  development  of 
toxic  signs  from  UDMil  poisoning.  Progressively  lowering  the  exposure  concen- 
craciona  shovicd  chat  minimal  co;;ic  responses  were  produced  by  exposure  to 
about  12CC,  and  l(,u  ppm  ot  uD.Ii  from  single  J*,  15*,  and  60*niinute  ex¬ 

posures,  reapectlvely. 

Dogs  receiving  multiple  exposures  to  ^u,  2C0,  a, id  OCC  ppm  of  U^MH  for 
six  wee'^s  at  oG-,  15*,  and  3*®ihute  periods,  respectively,  showed  nr  changes 
from  norraal  in  clinical  and  i:einatologlcal  values  and  no  toxic  responses. 

Tl\esc  results  indicate  that  the  concentrations  of  UD'.iH  at  the  various  short¬ 
term  exposures  \iere  nontoxic  for  dogs.  These  data  also  show  chat  biweekly 
doses  of  UDlSt  are  provably  not  niWltlve  for  the  production  of  toxic  responses. 
Comparison  of  che  results  from  cite  two  expci.isenCs  at  exposure  levels  of  100 
and  12C0  ppm  of  UD;fii  for  CC-  nnd  5-cilnute  periods,  respectively,  indicates 
chat  no  increase  in  sensitivity  developed  in  dogs  exposed  six  weeks  at  the 
lover  dose  levels. 

The  absence  of  clinical  abnormalities  from  the  chore-term  exposures 
indicates  Chat  at  present  there  is  no  measurable  change  produced  as  a  result 
of  exposure  to  UD!tII  and  ■•hich  i:ill  serve  as  a  reliable  index  of  exposure. 
Therefore,  it  viould  seem  to  be  imperative  chat  in  cases  of  accidental  poisoning 
of  'Hr;-,  the  subjective  responses  of  individuals  be  carefui.y  .".iiaiy.,'.  r...-;''"" 

tPC  .sconce  of  toxic  responses  In  dogs  exposed  to  200;  -.i  I'uni  :  sr 
slnplc  'u-,  I5-,  cud  p-minute  periods,  rospccti'/ely ,  provides  le-'-l.  .■ 

fix  '..'.te'n  hygienic  standards  for  short-term  exposures  to  UDI-ai  may  be 
for  ■  in. 


1  ■■ 


iUlLL'JlV 


ilngle  ?•  to  60-mlnute  exposure  o£  dogs  end  ra*s  to  high  concen¬ 
trations  of  produce  toxic  signs  similar  to  chose  seen  at  longer  in¬ 

halation  exposures  and  in  animals  poisoned  by  other  routes  of  admin is teat ion 

The  absence  of  clinical  abnormalities  from  the  single  short-term  ex¬ 
posures  indicates  that  at  present  there  is  no  measurable  change  produced  as 
a  result  of  exposure  to  iitiic'.i  will  serve  as  a  reliable  index  of  ex¬ 

posure. 

Dogs  exp;  w.l  to  50,  20C,  and  uwC  pyu  oi  'JLlCd  for  single  or  nr  'itiple  60- 
15- ,  and  5*minure  periods,  respectively,  showed  no  adverse  physiological  ef¬ 
fects.  These  levels  of  suould  serve  as  a  basis  from  which  short-term 

exposure  standards  ts’v  b»  a^rj-nared  for  man. 
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